How good are people at interpreting numerical information presented in graphical form? Are they better at doing so when the stakes are high? There is evidence for pessimism on both counts. This paper takes an information processing view of the manner in which people process a large amount of numerical information. We propose that people sample points in a numerical series chosen due to their salience. To the extent the choice of sample points does not accurately represent the entire population of data from which they are chosen this process systematically distorts perceptions of the statistical properties of the series. This paper examines a specific bias in the presentation of graphical numerical data: the run length of a stock series. Run length is the number of consecutive periods over which the stock price moves up or down. The increasing use of graphical data in financial decisionmaking implies that visual biases in data interpretation are of growing economic importance. A primary and robust effect across three experimental studies is that stocks with longer run lengths are perceived as riskier than stocks with shorter runs, leading to a preference for the latter, despite controlling for the first four moments of the stock return paths. The effect of run length on preference for stocks appears to be driven by perceptions of risk rather than perceptions of return and are exacerbated when the stakes of the decision maker are higher. Results are robust to sample characteristics such as gender and financial experience. They are also robust to contextual differences in presentation format. Results are explained in terms of series with higher run lengths being associated with higher local maxima and minima, with these points in the series being more likely to be sampled due to their higher salience. Theoretical implications for the processing of numerical information, graphical information, and financial information are discussed.
Introduction
Individual investors rely on an increasing quantity of information in making their stock selections. So do stock analysts. This information is frequently presented in graphical format.
As a consequence, the visual display of stock information has increased and the number of commercial purveyors of stock analysis information has mushroomed. For instance, Yahoo! provides free graphical information on stock prices for varying lengths of time from 1 day to 5 years. Other web sites as well (e.g., Bloomberg and Reuters) provide such information on debt, commodities and foreign exchange markets, among others. This paper examines whether there are biases in the processing of stock information that is presented in graphical form, and the extent of these biases as stakes are increased.
The paper takes an information processing view of the manner in which people process a large amount of numerical information. We propose that people sample points in a numerical series chosen due to their salience. To the extent the choice of sample points does not accurately represent the entire population of data from which they are chosen this process systematically distorts perceptions of the statistical properties of the series. Research by cognitive psychologists supports an information processing model for visual perception of graphs (see Pinker 1981 Pinker , 1983 McGill 1984, 1985; Simken and Hastie 1987, and Kosslyn 1989) . We propose that individuals sample the local maxima and minima of a series and use this as a source of information to make investment-related judgments.
The number of consecutive periods over which a stock continues its upward or downward movement, or the length of the run, systematically affect the local maxima and minima of a series. Since stocks with higher run lengths have higher maxima and lower minima, this leads to differential judgments on such stocks versus those with shorter run lengths. This paper adds to the body of research in cognitive psychology by suggesting that even after holding the mean, variance and higher moments (skewness and kurtosis) constant across comparison stocks, variations in the length of runs of a stock series affects perceptions of the statistical properties of the stock. We show that increasing the run length of a stock series increases perceptions of the risk associated with that series and reduces preference for that stock. Study 1 examines this prediction.
An information processing account of the manner in which people process visual information also suggests that the use of one source of information for a judgment is contingent on the presence and diagnosticity of alternate sources of information for the same judgment (Feldman and Lynch 1988) . If the use of local maxima and minima is one source of information to make judgments regarding the overall return of a stock path, the use of information regarding the trend of the stock prices would be an alternate source of information. In a graphical display, this alternate source is the overall trend line. This can be thought of as the angle associated with the time series. Run length should only affect perceptions of return of the stocks if there are systematic distortions in the sampling of the local maxima versus the local minima. If local maxima are over-sampled relative to local minima (differential sampling), the trend line should be biased upwards, leading to perceptions of higher return for stocks with longer run lengths (see DeBondt 1993) . On the other hand, if local minima are over-sampled then the reverse should occur. If varying run lengths are found to consistently bias perceptions of return, this would suggest differential sampling. The salience of maxima and minima may also bias risk perceptions of investors by influencing their perceptions of mean-reversion in the data series. Shorter run lengths may lead to inferences of higher mean-reversion, and consequently lower risk perceptions. Study 2 also manipulates prior exposure to weekly or daily information. When individuals are exposed to daily data, even though this data is identical across the two conditions, the amount of information may appear to be larger when their prior exposure has been to daily information as compared to when it has been to weekly information. When information available seems larger, people should be more likely to use heuristic strategies such as sampling of local maxima and local minima. This argument implies that prior exposure to daily information should exacerbate the run length effect for risk perceptions. If it also affects perceptions of return, it would suggest differential sampling. Study 2 results show that prior exposure to daily versus weekly information leads to perceptions of higher return, and moderates the run length effect.
We have suggested that people sample from a set of points rather than use the entire series due to the effort associated with the latter. Research on the use of incomplete information or heuristics to make judgments has typically shown that as the motivation, ability, and opportunity of the decision maker increase, the judgments are less biased (Payne, Bettman and Johnson 1985) . However, recent research differentiating processes that are automatic versus controlled has suggested that this may be more true of controlled judgments where the biasing cues are chosen consciously, but may be less true of automatic judgments (Menon and Raghubir, 2003) . Automatic judgments are those where people's choice of a source of information to make a judgment is unintentional, outside of awareness, and effortless . In a visual perception task, cues that are chosen due to their perceptual salience in a visual task have been shown to be automatic in nature (Raghubir and Krishna 1996) . In a visual perception domain, increasing the motivation to make a correct judgment has been found to increase the use of a biasing heuristic in a spatial judgment task (Raghubir and Krishna 2002) . By examining the moderating effect of the stakes of a financial decision on the run length effect, we examine whether the use of information is automatic or controlled. The pattern of results from Study 3 illuminate whether the use of perceptually salient points in a distribution is a conscious and controlled choice, or whether it is automatic. Study 3 finds that higher stakes exacerbate the run length effect, suggesting that this effect is automatic in nature.
The proposed theory that people sample points in a graphical display to summarize the properties of a graph is consistent with prior work. Cleveland (1985) defined two sets of features of a graph: (a) graph elements, such as lines, areas, angles, colors, etc., and (b) graph composites, some of which are grids and scales, plotting symbols, aspect ratios, etc. In terms of the constructs manipulated in this paper, the graph elements are the local maxima and minima (that differ due to the run length of the series) and the composites can be thought of as the Y axis manipulations. Cleveland suggested that data is encoded on the graph using elements and composites, and it is in the process of decoding these that biases In fact, the effect of run length may have implications for scenarios where runs may not even occur and the patterns may be random. Prior literature has found that people may infer runs when none exist. For example, Gilovich, Vallone and Tversky (1985) found that people believe that some basket-ball players have a "hot hand" when they are doing well.
This bias implies that people overestimate the likelihood of a run in the first place. They also extrapolate from short runs implying that they overestimate the length of the run. They do not realize that reversals may occur, suggesting that they underestimates the number of different runs in a game. In sum, they see runs when the pattern is random and runs may not, in fact, be occurring. In the same vein, Andreassen and Kraus (1990) show that 2 There is a vast literature now on the hot-hands effect, highlighting short-and sometimes medium-term positive autocorrelation in fund returns. See for example, Gilovich, Vallone and Tversky (1985) , DeBondt (1993) , Hendricks, Patel and Zeckhauser (1993) . Run lengths may also have an impact on the reference point in studies of the disposition effect (see Shefrin and Statman 1985 , Odean 1998 , Weber and Camerer 1998 , though we are not aware of any study where this has been tested for specifically.
3 The gambler's fallacy may be read in conjunction with the following related work: DeBondt and Thaler (1985) , (1990), Jegadeesh and Titman (1993) , Lakonishok, Shleifer and Vishny (1994) . Contrarian trading offers a market manifestation of the fallacy. subjects tend to extrapolate price trends when making stock picking decisions, suggesting that they expect the stocks prices to continue a positive run. Johnson and Tellis (2003) found that subjects tend to chase winners (positive runs) and dump losers (negative runs). In this paper, we examine how run length affects preference for a stock, irrespective of direction, after controlling for risk amongst comparison stocks.
The main results of the paper are that stocks with longer run lengths are perceived to be riskier, and are less likely to be chosen (Study 1). Under certain circumstances, they are also perceived to have lower returns with worse Sharpe ratios.
4
Run length effects are more pronounced when participants are primed to sample local maxima and minima through prior exposure (Study 2), when they have to make a buy decision versus a sell decision (Study 3), and when the size of transaction is large rather than small (Study 3).
The remainder of the paper provides details of three experimental studies designed to test the presence of the run length effect, its robustness, and its antecedents. The sample was well educated (95.8% college graduates), affluent (74.3% reported an annual household income of over $100,000), with the majority in the 36-50 year age group (85.9%). Around four-fifths (78.9%) reported having worked for 15 years or more, with 75%
4 The Sharpe ratio is a measure of risk-adjusted return, see Sharpe (1966) .
reporting that they currently worked full time. One-third (32.4%) reported having worked in a finance related job, and over a fifth of the sample (22.5%) reported having worked in the financial sector. The sample reported having a sizable amount of their assets in stocks, bonds, mutual funds and other financial instruments: 83% reported investing over 25% of their assets in financial securities. As many as 36% reported investing over 75% of their assets in financial securities; and 78.8% reported owning 5 or more stocks. More than half the sample reported trading multiple times a year (57.8%). Up to 93% of the participants reported holding a stock (or fund) for at least a year prior to selling it. To summarize, the sample was a highly educated group of adult investors. If run length biases exist with such a group, this would testify to the importance of the bias.
Procedure
Study participants were asked to assume that they were investing in stocks for the purposes of long-term growth, such as a college fund. They were presented graphs of stock charts and were asked to "keep the stock charts open in front of you while you are answering questions related to your decision." After a number of measures to elicit perceptions of risk and return, they were asked to complete demographic details, as well as information regarding their financial experience. The median time taken to complete the questionnaire was 25 minutes.
Design and Stimuli
The design was a one-way, within-subjects design where run length was manipulated at two levels: 3 vs 10. All participants saw two stocks: one of run length = 3, and the other of run length = 10. The stock graphs were prepared using Excel with a random number generator subject to the following overall restrictions. All four moments of the stock return paths were controlled to be the same (Mean = .10, Standard Deviation = .15, Skewness = 0; and Excess Kurtosis = 0).
5
The four moments of the stock return paths are based on daily returns assuming continuous compounding, as per accepted practice in the financial industry (see Bodie, Kane, and Marcus, 2002) . Setting skewness to zero prevents excessive negative or positively biased trends in the stocks series. Setting excess kurtosis to zero prevents the generation of outliers beyond those expected from a normal distribution. The key additional restriction manipulated the length of the run differently for the two stocks, i.e., the number of periods the stock continued an upward or downward movement prior to reversing direction. The starting price of the two stocks was 100. The returns for the two graphs were mapped for 260 "trading days." This corresponds to a prior period of one calendar year, based on the average number of trading days in the year. The two graphs are presented in Figure 1 . Note that in the study, the graphs were presented as two separate graphs, rather than together in the same graph. 
Measures
The first task involved paired comparisons between the two stocks, to identify "(a) which stock you would prefer; (b) which you believe had a higher return in the past; and (c) which you think is riskier." All participants were then asked to "estimate the annualized rate of return you think each of the stocks will give in the following year." They were also asked to give "your best 5 Excess kurtosis for the normal distribution = 0.
guess of the possible range of returns you would expect. That is, what is the minimum as well as the maximum return that you think the stock will achieve." They were reminded that: "stock prices may go up as well as down, implying that returns may be negative as well as positive." The difference between the maximum and minimum was used to compute the range of returns, a measure of riskiness of the stock. The estimates of mean, minimum and maximum were used to compute a "risk-adjusted return" where the mean return was divided by the range of the maximum and minimum return. This is a proxy for the Sharpe ratio (Mean/ standard deviation), a standard measure used in the financial industry to measure stock and fund performance (Sharpe 1966 ).
Subsequently, they were asked to rate how confident they were of their estimates of return for each of the two stocks, using a 7-point scale anchored at "1=Not at all Confident," and "7=Very Confident." Subjective perceptions of risk for the two stocks were also elicited using another 7-point scale anchored at "1=Not at all Risky," and "7=Very Risky." Finally, they were asked to allocate an amount of money between the two target stocks, cash, and another 4 stocks.
At the end of the study, all participants were asked to rate their subjective level of financial expertise. The question was "In terms of my financial expertise, I consider myself ..." with scale anchors "1=A Novice," and "7=An Expert." A median split across this scale (Median = 3), resulted in 30 individuals being categorized as "novices" and "32 individuals categorized as "experts." Nine individuals who did not respond to this question were not categorized.
To summarize, preference was measured through the paired comparison task, and the ratio allocated to a stock. Risk perceptions were measured through the paired compari-son task, the range of the estimated return, and the subjective measure of perceived risk.
Judgments of return were measured through the paired comparison task and the estimate of return (mean and risk adjusted).
Results
Due to partial non-response, the total sample size may be different across measures.
Preference:
Of a total of 62 respondents, 61% preferred the stock with a run length of 3 (n = 38; binomial p < .05 one-tailed). There were no differences across gender or subjective financial expertise (p > .15). Overall, results suggest that stocks of shorter run lengths are preferred.
Estimate of Return:
There was no systematic difference in the choice of which stock had the higher return: of a total of 54 respondents, 46% believed the stock with a run length of 3 had a higher return (n = 25), while the remaining (n = 29) believed that the stock with a run length of 10 had a higher return. There were no differences across gender (p > .15). However, those categorized as "experts" believed that the stock with a run length of 10 had a higher return than the one with a run length of 3 (17/24 or 70.8%), while only 40% of those categorized as "novices" (12/30) believed the same (overall χ 2 = 5.10, p < .05).
A repeated measures analysis of variance using the estimates of the average return of the two stocks as the dependent variables did not show a main effect of run length (F < 1). The average return of both stocks was estimated accurately at around 10%. However, the same analysis using the estimated "maximum" return as the dependent variable showed a main effect of run length (F (1, 61) = 5.76, p < .05), such that the stock with a higher run length was estimated to have a higher maximum (Mean = 26.13 versus 23.40 for run length 3 versus 10). A similar analysis with the estimated "minimum" return as the dependent variable also showed a main effect of run length (F (1, 61) = 6.79, p < .05), such that the stock with a higher run length was estimated to have a lower minimum (Mean = -6.82 versus -14.45 for run length 3 versus 10). This pattern suggests that the stock with a longer run length was estimated as being potentially more risky, despite there being no difference in the estimated average return. There was no difference in the confidence with which returns were estimated for the two stocks (Means = 2.86 versus 2.74 for run length 3 versus 10 respectively, F < 1).
An analysis on the "risk-adjusted-return" measure (estimated average return/ (maximum return-minimum return) showed that the stock with the shorter run length had a higher risk adjusted return (Mean = .664) versus the stock with a longer run length (Mean = .489,
Overall, results suggest that stocks with shorter run lengths are perceived to have higher risk-adjusted return.
Estimate of Risk :
A large majority of respondents (n = 57 out of 63) believed that the stock with a run length of 10 was the riskier stock (binomial p < .001). There were no differences across gender or subjective financial expertise (p > .15 ).
An analysis on the range of estimated returns (maximum -minimum) reflected the same belief: the stock with a shorter run length was estimated to have a smaller range (Mean = 30.23), as compared to the stock with a longer run length (Mean = 40.58, F (1, 61) = 10.65,
p < .01).
The results are also reflected in subjective estimates of riskiness. A repeated measures analysis of variance on the two estimates of subjective riskiness showed a main effect of run length (F (1, 66) = 60.91, p < .01), such that the stock with the higher run length was estimated as riskier (Mean = 5.25) as compared to the stock with a run length of 3 (Mean = 3.97).
Overall, results suggest that stocks with longer run lengths are perceived as riskier.
Discussion
To summarize, we found a "run length effect" with a sample of adult investors, such that they believed that two stocks with identical mean, variance, skewness and kurtosis but a different length of run were perceived to be differentially risky. A stock with a shorter run length was perceived as less risky, with a higher risk-adjusted return, and was preferred over one with a longer run length.
The next study examines potential moderators of this effect. One, we examine whether our results vary if the scale of the graph is altered, and two, we look at whether the extent of prior exposure to the stock series in terms of data frequency mitigates the bias. Understanding the moderating role of contextual moderators that manipulate the relative salience of the trend line of the stock prices versus the salience of local maxima and minima that may be sampled would elucidate whether the choice of visually salient heuristics was automatic or consciously controlled.
3 Study 2: The Effect of Prior Exposure on the Run Length Effect
Experimental participants
The study participants were 60 undergraduate students at a Hong Kong business school.
Due to partial non-response, the usable sample was 59 participants. They completed the experiment for partial course credit.
Procedure
Participants were given the following introductory instructions:
"Assume you are investing in stocks on behalf of a trust which has funds of HK$1,000,000 (One Million) As in the previous study, participants made paired comparisons to identify which stock had a higher return, a higher risk, and which one was preferred. Subsequently, they estimated the annualized rate of return for the two stocks. Instead of a "minimum" and "maximum," they were asked to provide the lower and upper limits of a 95% confidence interval for the range of returns. The concept of a 95% confidence interval was explained. The additional dependent measures collected were subjective risk estimates and percent allocated to the two stocks (as in Study 1). Given the nature of the participant population, we also asked them to rate how seriously they undertook the task (1 = Not at all seriously/ 7 = Very seriously), and how confident they were of their responses (single measure, 1 = Not at all confident and 7 = Very confident).
Design and Stimuli
The design was a 2 (Run Length: 3 vs. 10) × 3 (Scale: Narrow-80:120; Middle-70:130; Wide-60:140) × 2 (Prior Exposure: Daily Prices vs. Weekly prices) mixed design, with the first factor manipulated within subjects and the second and third between subjects.
Scale refers to the Y -axis on all graphs. The scales were manipulated by changing the Y -axis feature manually such that the physical size of the graph remained unchanged, just its maximum and minimum points were different.
Prior exposure was manipulated by exposing participants to a set of four graphs of weekly or daily data (named A, B, C, and D) prior to their seeing the target graphs manipulating run length. The daily data stock graphs were plotted for 260 days; and the weekly data stock were plotted for 52 weeks. They were identical in every respect (i.e. the four moments were controlled). The target graphs manipulated run length as in Study 1: X (Run Length = 3); and Y (Run Length= 10). They were mapped using one of the three scales: narrow, medium or wide. Irrespective of the period for which the prior 4 graphs were plotted (52 "weeks" or 260 "days"), the returns for the target X and Y graphs were plotted for 260 "trading days."
Results
The mean seriousness score was 4.28 which was acceptable. The mean confidence level of the estimates was 2.81.
Preference:
Over three-quarters of the participants (46/14, 76.67%, p < .0001), preferred the stock with the shorter run length. Neither prior exposure nor scale width exerted any moderating 
Estimate of Return:
There was no significant difference in perceptions of past returns for the two stocks. This is consistent with the results of Study 1.
The estimates of mean expected return over the next year, the lower limit of the confidence interval and the upper limit of the confidence limit of both stocks were subjected to a 2 (prior exposure) × 3 (scale) × 2(run) × 3 (measure) multivariate analysis of variance (MANOVA), where the first two factors were between subjects, run was within-subjects and measure was a replicate factor. The effect of run length on return expectations was significant (F (1, 53) = 4.17, p < .05) with higher estimates of return for the stock with a shorter run length. Means by experimental condition are given in Table 1 . Study 1 found similar results with risk adjusted return estimates.
The analysis also yielded a main effect of prior exposure (F (1, 53) = 5.42, p < .05).
Returns were perceived to be higher when prior exposure was to daily stock returns as compared to weekly stock returns. This implies that prior exposure may have led to differential sampling of local maxima versus minima. No other effects were significant.
Estimate of Risk :
As in Study 1, an overwhelming majority of participants (56/60, 93.33%, p < .0001), estimated the stock with a longer run as being more risky. Further, a 3 (scale) × 2 (prior exposure) × 2 (run length) ANOVA on perception of risk revealed a main effect of run length (F (1, 51) = 41.98, p < .001). The stock with a shorter run length was perceived to be less risky (Mean = 3.98 vs. 5.46), consistent with Study 1 results which showed that stocks with a shorter run length are perceived to be less risky. However, we found that the run length effect was qualified by an interaction with the prior exposure factor (F (1, 51) = 5.73, p < .05). An examination of the means shows that the run length effect was lower when prior exposure was to weekly rather than daily returns. No other effects were significant.
Discussion
In sum, as in Study 1, we found that people judge stocks with longer run lengths to be riskier, and these stocks are less preferred to those which have shorter run lengths. While we found no evidence that perceived past return was affected by run length, estimates of future returns were higher for the shorter run length stock, which was also perceived to be less risky overall.
Interestingly, when the context exposed participants to daily (versus weekly) returns prior to their judgment task on the target stocks X and Y (presented at daily frequency), expected future returns were higher, and the effect of run length on risk perceptions was exacerbated. These results are interpreted in terms of prior exposure to information affecting the likelihood that an individual will sample perceptually salient points from a series, and do so differentially for maxima versus minima. Specifically, we had argued that when individuals are primed with prior exposure to daily data, the amount of information they are subsequently exposed to may appear to be larger. This would make them more likely to sample information from a series leading to an exacerbation of the run length effect on risk perceptions. The effect on returns suggests that it may have also led to differential sampling of maxima over minima, with this affecting the projected trend line of the series.
Studies 1 and 2 examined investment decisions with a high stake when the participant had to buy a stock. The natural question is whether these results are generalizable to sell decisions as well as low stake decisions. While it is clear that run length affects perceptions of risk and return, Study 3 aims to further explore the antecedents of the effect. We manipulate the investment stake and whether the decision is a buy/sell one, to examine whether these factors would differentially affect the likelihood of sampling, and the use of differential sampling of maxima versus minima.
Study 3 Contextual Moderators of the Run Length Effect

Subjects
Subjects were 153 undergraduate students of Introductory Marketing at a large West Coast university. They completed the experiment for partial course credit.
Procedure
The procedure and methods were similar to the prior study with the exception that lower and upper confidence limits were not elicited as subjects had found this task difficult.
Design and Stimuli
The design was a 2 (Run Length: 3 vs. 10) × 2 (Goal: Buy versus Sell) × 2 (Stake: Low vs. High) mixed design, with the first factor manipulated within-subjects using two graphs as in Studies 1 and 2, and the second and third factors manipulated between-subjects. Stake was manipulated in the initial introduction (figures in [.] are the low stake manipulation):
Assume you are investing in stocks on behalf of a small [large] trust which needs to invest US$1,000,000 (One Million) [US$100, 000] Goal was manipulated by telling subjects that they either needed to purchase or to sell the stocks, as below:
The fund invests in each of these and needs to add to [liquidate] those which are expected to perform relatively well [poorly] in the next year, and retain those that are expected to perform relatively poorly [well] . Your task is to assign the $100,000 to purchase the stocks [to be liquidated among the stocks].
Results
Checks:
The overall level of self-rated seriousness in the experimental task was acceptable (Mean = 4.72) and did not differ across the four between-subjects experimental conditions (all p > .15).
Preference:
The stock with a shorter (versus longer) run length was preferred by more respondents 
Estimates of Return:
The stock with a shorter run length was perceived to have a significantly lower return (64.58%, χ 2 = 12.10, p < .001) than the stock with the longer run length. In Studies 1 and 2 there were no effects of run length on the choice of which stock had a higher return.
Note that this overall result is inconsistent with earlier studies. To resolve this inconsistency, we examined if the pattern was contingent on task and stake. Studies 1 and 2 use a "Buy task-High stake" condition. In fact, there was a 3-way interaction between the stock that was perceived to have a higher return and the two between-subjects conditions: task and stake (χ 2 = 8.70, p < .01). To examine the pattern of this interaction, we examined the effects in each of the four task-stake conditions. This analysis showed that the stock with a longer run is perceived to have a higher return than the stock with a shorter run when the stake is low and the decision is a buy decision (30/39 or 76.92%, p < .01) or when stakes are high and the decision is a sell decision (26/34 or 76.47%, p < .01), but not in the other two conditions (17/35 and 17/36 respectively). Note that the "buy task-high stake" condition where there is no difference replicates the effects of Studies 1 and 2, where we did not find that run length affected perceptions of historical return.
A 2 × 2 × 2 (run × stake × task) ANOVA on the two estimates of return revealed a main effect of run length (F (1, 144) = 23.44, p < .001), reflecting that the stock with a shorter run was perceived to have a higher return (Mean = 6.22) as compared to the stock with the longer run length (Mean = 2.24). Stocks with shorter run lengths are perceived to have substantially higher returns in the "Buy task-High stakes" condition (Buy-High = 6.00 vs. 0.19, t 35 = 3.94, p < .05). Run length effects are also significant in the "Buy task-Low stake" condition (6.03 vs. 3.18, t 37 = 2.18, p < .05) as well as the "Sell task-Low stake" condition (5.84 vs. 1.24, t 37 = 2.51 for short versus long run length stocks respectively, p < .05) and directional in the "Sell task-High stake" condition (Means = 7.03 vs. 4.36, t 35 = 1.41, p = .17; see Figure 2 ).
Estimates of Risk :
The stock with the shorter run length was perceived to be significantly less risky than the stock with the longer run length (93.92% of respondents, χ 2 = 134.02, p < .001), replicating results of prior studies.
A similar 2 × 2 × 2 ANOVA on the two ratings of risk revealed a main effect of run length (F (1, 149) = 184.76, p < .001). As in earlier studies, the stock with a shorter run was perceived to have a lower risk (Mean = 3.39) as compared to the stock with the longer run length (Mean = 5.42 ). This effect existed in each of the between-subjects conditions t 39 = 6.73; t 37 = 8.12; t 37 = 6.35; , t 36 = 6.30 for short versus long run length stocks respectively, all p < .01; see Figure 2 ). This pattern suggests that the effect of run length on perceptions of risk is robust to differences in the type of task and the stake involved for the decision maker.
Pooled Analysis of Continuous Measures:
Overall, the task and stake manipulations do not appear to statistically moderate the results of individual variables. Directionally, however, effects appear to be stronger in the "Buy-High stake" condition. To examine whether the absence of interactions may be due to small sample size, the next analysis examines whether pooling across dependent variables, stake and task, moderate the effect of run length.
An overall analysis of the 3 measures (Measures: estimated return, perceptions of risk, and proportion allocated) for the 2 stocks (Run length: 3 versus 10) incorporating the 2 levels of stake (low/ high) and 2 tasks (buy/ sell) as between subjects factor revealed a main effect of run length (F (1, 141) = 15.51, p < .001), and the key run length × stake × task interaction (F (1, 141) = 4.06, p < .05). This interaction is depicted in Figure 2 and shows that the effect of run length is strongest in the condition where respondents have a high stake in the decision and are making a "buy" decision.
Mediation Analyses:
To examine whether the effect of run length on proportion invested was mediated by perceptions of risk and/ or return, we redid the analysis on the percent invested in the two stocks as a function of stake and task including either the estimates of risk or estimates of return of the two stocks as covariates. If the effect of the covariates is significant and can explain the effect of run length (i.e., the effect of run length that was earlier significant, drops to non-significance), this suggests perfect mediation (Baron and Kenny, 1986) To summarize, we find that the length of run determines the preference for a stock, particularly when the stakes of the decision maker are high, and the task is a buying (versus selling) task. Further analysis of this effect shows that this is directly due to the risk perceptions of the stocks, which in turn, are influenced by the perceptions of the returns of the stocks.
Exploring the Antecedents of Preference with Categorical Data:
A similar analysis with the categorical measures of choices suggests that this pattern is more subtle. Choice of a stock is contingent on both perceptions of the returns of the stock (preference × return interaction: χ 2 = 6.02, p < .05) as well as on perceptions of the risk of the stock (preference × risk interaction: χ 2 = 6.70, p < .01). However, the decision to pick or not pick a stock are differentially influenced by whether the stock is perceived as a risky stock or a high return stock.
Cross-tabulations of preference with perceived return showed that a large majority of those who did not choose the stock with a longer run length believed it had a lower return (27/34 or 79.41%). On the other hand, a small proportion of those who chose the short run length stock chose it because they perceived it to have a better return (44/108 or 40.74%).
A similar cross-tabulation of which stock was preferred against the stock that was perceived to be riskier showed that almost unanimously (109/112 or 97.32%) respondents who preferred the stock with a short run, believed it was less risky. A smaller percentage of those who did not choose the short run length stock (29/34 or 85.29%) believed it was less risky.
Overall, this suggests that the decision to choose a stock is less likely to be related to return and more likely to be related to risk, while the decision to not choose a stock is more related to its lower return.
Discussion
Overall, study results replicate and extend those of previous studies. As run length increases participants perceive a stock to be more risky, have a higher return, and are more likely to choose it. However, these effects are particularly apparent when they are buying a stock given high stakes. Finally, preferences are based on risk perceptions more than they appear to be based on return perceptions, especially when deciding which stock to purchase.
An important result in this study is that the stakes associated with the decision do not reduce the run length bias. They exacerbate it, when the goal is to purchase a stock. This suggests that the use of sampling to reduce a cognitively complex task may be an automatic process. The higher stakes may lead to greater attention to the biasing stimuli: the local maxima and minima in a series. Evidence that increased levels of motivation and attention exacerbate biases due to visual information has been found in the domain of map-based distance judgments (Raghubir and Krishna 1996) . The run length bias may be part of a similar genre of biases where greater attention exacerbates rather than attenuates the use of biasing visual inputs in a spatial judgment task.
Concluding Comments
The persistence of positive and negative episodes in the data record depicted on the graph is called its run length. This paper examines the extent to which run length in a stock's price impacts choices of investors and their judgments about the risk and potential return of stocks. A run is defined as a continuous series of moves of the stock price (or return) in the same direction. The run length is the number of these consecutive moves. Three studies, using different populations over various time periods, consistently show that a stock with a shorter run length is preferred to one with a longer run length, holding constant the mean, variance, skewness, kurtosis, and the trend of the two stocks. This preference appears to be because stocks with shorter run lengths are perceived as less risky, when in fact they are not statistically so.
An information processing account of how people process visual information is offered.
We suggest that when faced with a large amount of information people sample perceptually salient points of information. In a series of stock prices, these are the local maxima and minima. As stock series with longer lengths are associated with higher local maxima and minima, even though their mean, variance, skewness, and kurtosis is controlled, they appear to be riskier and are less likely to be chosen.
The results are robust. We find that prior exposure to information primes the likelihood that individuals will sample. Exposing them to an array of daily prices in a set of unrelated stocks, increases their likelihood of sampling in the target array as evinced by stronger run length effects. We also find tentative evidence that this priming task leads to differential sampling of maxima versus minima as prior exposure affects perceptions of returns as well.
As risk judgments translate into preferences for stocks, manipulations which differentially impact the relevance of risk versus return also affect the run length effect. Negative attitudes to a stock come from low return bias, whereas positive leanings towards a stock are driven by low risk bias. Run length bias is strongest when stakes are high, and when buying rather than selling stocks, specifically the situation faced by managers of large, widely-held mutual funds.
Finally, it appears that the process of using perceptually salient aspects of a series to make a judgment about the series may be an automatic process. Manipulations that traditionally reduce the effect: stake in a task; are found to exacerbate the effect.
The increasing use of graphical data to make financial decisions suggests that it is more likely that visual biases in data interpretation may proliferate into price effects. This paper examined a specific bias in the display of graphical information,i.e., run length of a stock series. A primary and robust effect across studies is that stocks with longer run lengths are perceived as riskier than stocks with shorter runs, leading to a preference for the latter, despite controlling for low and high order statistical risk. Narrow Medium Wide Narrow Medium Wide Scale Scale Scale Scale Scale Scale (n = 11) (n = 11) (n = 9) (n = 9) (n = 10) (n = 
